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This invention relates to the treatment of crystalline 
urea and to the product thereby produced. More par 
ticularly this invention relates to crystalline urea having 
greatly reduced caking properties and to a process for 
preparing the same. 

In summary, this invention is directed to a process for 
producing substantially non-caking crystalline urea com 
prising blending about 0.l5—0.5% by weight of a sugar 
selected from the group consisting of sucrose and rat?nose 
onto crystalline urea, and to the resulting coated product. 

It is a Well-known fact that many organic and inorganic 
salts and compounds in powdered, crystalline, or granu 
lar form have a great tendency to cake and form more or 
less rigid solid masses when stored for any signi?cant 
period of time. The ultimate consumer therefore us 
ually must crush or otherwise break up these masses be 
fore they can be used for their intended purpose. As an 
example, the caking tendency of various fertilizer ma 
terials necessitates the expenditure of much labor and 
time in order to render these materials suitable for even 
distribution in the area to be fertilized and also to avoid or 
substantially eliminate clogging and jamming of the dis 
tribution machinery. Crystalline urea is particularly sus~ 
ceptible to the difficulties mentioned. 

Crystalline urea is commercially available in a variety 
of forms, ranging from long needlelilce crystals to rec— 
tangular or square-shaped crystals of relatively large size. 
All such crystalline urea can be treated by the process of 
this invention to render it substantially non-caking. In 
the usual plant operations, crystalline urea is dried to a 
low moisture content (less than about 0.2% by weight) 
and packaged in multi-ply bags having moisture barriers 
such as polyethylene ?lm plies or asphalt laminate plies. 
Regardless of the particular shape and form of the crys 
tals that are dried and packaged in this manner, it is al 
ways found that the mass of crystals tends to set up into 
a single solid cake when stored in the ordinary manner. 
In some instances, particularly with the needlelike crystals, 
a hard solid cake is formed in a matter of hours when 
the bagged urea is subjected to very slight pressures, on 
the order of l to 5 pounds per square inch. 

Various methods have been proposed for avoiding the 
caking problems noted above. One prior proposal has 
been to completely melt the crystalline urea followed by 
spraying air into a small stream of the molten mass to 
form small uniform pellets. Other proposals involve ad 
dition of various so-called “anti-caking" agents includ 
ing such materials as clay, basic magnesium carbonate, 
or amines. All of these prior proposals have one or more 
disadvantages, for example: (a) The production of weak 
and readily disintegratable pellets. 
of insoluble or toxic impurities into the urea. (c) The 
requirement for expensive equipment and/or time con 
suming processes. 

It is an object of this invention to provide a process 
for treating crystalline urea in order to reduce its tendency 
to cake. It is a further object of this invention to provide 
crystalline urea having a substantially reduced tendency 
to cake. It is still another object of this invention to pro 
vide a process for preparing substantially non-caking 
crystalline urea without the necessity of adding insoluble 
or toxic impurities thereto. Other objects of this inven 
tion will be apparent to those skilled in the art in view of 
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the more detailed disclosure which follows. The sub 
stantially non-caking crystalline urea produced by this 
process is useful in any of the applications where crystal 
line urea is ordinarily used. It is particularly suitable for 
use in fertilizer and feed applications, where its non-toxic 
and substantially non-caking characteristics are of es 
pecial importance. 
The prior art teaches broadly that the free ?owing and 

non-caking properties of urea can be improved greatly 
by forming compositions of urea and reducing sugars. 
I have made the surprising discovery that this teaching 
is far too broad, because there are noteworthy exceptions 
to it. For example, although the addition of small quan 
tities (ca. 0.2% by weight) of glucose, a reducing sugar, 
renders crystalline urea substantially non-caking, I have 
made the completely unexpected discovery that the addi 
tion of a similar quantity of lactose or maltose, reducing 
sugars, does not render crystalline urea substantially non 
caking. 

I have also made the more surprising and completely 
unexpected discovery that the caking tendency of crystal 
line urea is reduced substantially by the addition of about 
0.l5—0.5% by weight of either sucrose or rai?nose (two 
non-reducing sugars). This result was unexpected be 
cause, prior to my discovery, it was believed that only 
reducing sugars would decrease the caking tendency of 
urea. Further, as stated supra, work leading to this in 
vention showed that the addition of maltose and lactose, 
two reducing disaccharides, has only slight eifect on the 
caking tendency of urea. Accordingly, it was entirely 
unexpected that the addition of sucrose, a non-reducing 
disaccharide, or rai?nose, a non-reducing trisaccharide, 
would substantially reduce the caking tendency of crystal 
line urea. ' 

While I have discovered that the addition of about 
(HS-0.5% by weight of either sucrose or raf?nose to 
crystalline urea will render said urea substantially non 
caking, I prefer to add about 0.2~0.3% by Weight of 
either of the aforesaid sugars to crystalline urea to render 
the said urea substantially non-caking. 

I have found that the sugar (sucrose or raf?nose) can 
be added to the urea in the form of a dry powder (ca. 
—100 mesh, US. Standard). Alternatively a solution of 
the sugar can be sprayed over the urea crystals. If the 
latter procedure is used, the crystals should be dried to 
their original moisture content (ca. (Ll-0.3% by weight) 
before bagging. _ 

I have obtained substantially identical results with 
commercial powdered sugar (sucrose) that contained 
about 3% starch and with starch-free sucrose. Since 
starch is non-toxic, urea treated with starch-containing 
sucrose is acceptable for agricultural uses. However, due 
to the low solubility of starch, I prefer to use starch-free 
sugar for treating urea that will be used in chemical 
syntheses. 

While the moisture content of the urea-sugar mixture 
is not critical, it is obvious that the process of this inven 
tion cannot be applied to urea with a moisture content 
so high the urea is wet. I have obtained equally satis~ 
factory results with crystalline urea containing less than 
about 0.1% moisture by weight and more than 1/2% 
moisture by Weight. Thus, the said process is applicable 
to the crystalline urea of commerce Without regard to the 
moisture content thereof. 
The use of sugar (sucrose or raffinose) as an anticaking 

agent avoids the addition of insoluble or toxic materials 
to urea. Accordingly, the thus treated urea may be used 
as a chemical intermediate in syntheses where insoluble 
materials would be objectionable and as a component of 
feeds for ruminant animals. 

I prefer to use the Warehouse stack test to determine 
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the caking tendency of urea, because it substantially ap 
proaches actual ?eld storage conditions. In this test, the 
product is bagged (ca. 100 lbs. of urea to the bag), and 
the test bags are placed horizontally on a Wooden pallet 
of the type normally used for commercial warehouse 
storage. The same type of bag is employed as in rou 
tine commercial production of the product under test. 
The bag is ?lled to the same net product weight (ca. 100 
lbs.),' and the same bag closure used as is used com 
mercially. ' 

I The test bags are arranged on the pallet in a layer of 
four bags, one bag along each side of the pallet. If there 
is an insuf?cient number of test bags to complete a layer 
on the pallet, additional bags of routine product are added 
as ballast. 
The pallet of test material is then placed in warehouse 

storage, and weight is added by stacking two full pallets 
of commercially bagged product, 6 layers of bags per 
pallet (6><4=24 bags/pallet) on top of it. The test 
pallet is stored in this condition for 28 days. 

a At the end of the 28 days storage period, the bags are 
carefully removed from the pallet and each is dropped 
once from a height of about 2 feet to separate any loosely 
held agglomeration of particles that may have formed 
during storage. Each bag is opened at one end, and its 
content is poured onto a 2 mesh (US. Standard) screen 
which retains any lumps of caked material that may have 
formed. The lumps are retrieved and weighed. The 
weight, in pounds, of cake retained on the 2 mesh (US. 
Standard) screen constitutes a quantitative measure of - 
the urea’s caking tendency. 

My'invention is illustrated further by the following 
examples which are illustrative only and are not intended 
to limit the scope of the invention. 

Example 1 

A sample of crystalline urea analyzing 0.12% moisture 
by weight was used in this example. The caking tendency 
of the untreated urea and of said urea after treatment 
with sucrose (ca. ——l00 mesh US. Standard) at three 
levels (0.05, 0.10, and 0.20% by weight) was determined. 
Each determination was made in duplicate. 

“Lumps,” Lbs. per 100 Lb. 
Bag 1 

Sucrose Level, Percent by Weight 

First Second 
Replication Replication 

100 100 
65 30 
26 28 

1. 5 none 

1 The term “lumps” means material that failed to pass a 2 mesh (U. S 
Standard) screen. 

Example 2 

Crystalline urea containing about 0.25% moisture by 
weight was used in this example. The caking tendency 
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of the untreated urea and of said urea treated with 0.2% 
by weight of several sugars (lactose, maltose, sucrose, 
and ra?inose) was determined. In each instance, the 
sugar was added as a powder (ca. —l00 mesh US. 
Standard). Results presented in the following table show 
that the addition of 0.2% by Weight of either lactose or 
maltose (reducing sugars) does not render crystalline 
urea substantially non-caking, while the addition of this 
quantity of sucrose or raf?nose (non-reducing sugars) 
renders crystalline urea substantially non-caking: 

Lumps, lbs. per 
Sugar added: 100 lb. bag 1 

None _______________________________ _;__' 2 80 

Lactose _______________________________ __ 45 

Maltose, _______________________________ __ 33 

Sucrose _______________________________ __ 2 7 

Ra?inose _____________________________ __ 9 

1The term “lumps” means material that failed to pass a 
2 mesh (U.S, Standard) screen. 

‘~‘Variance from ‘comparable data in Example 1 is due pri< 
marily to di?erence in amount of ?nes and in moisture con 
tent of the respective ureas. 

Example 3 

A 91 g. (0.2 lb.) portion of sucrose was dissolved in 
150 ml. of Water. The resulting solution was sprayed 
onto a moving bed of 100 lbs. of crystalline urea in a 
horizontal cement mixer. Subsequent to the-addition of 
the solution, the urea was dried to its original moisture 
content (ca. 0.25% by weight). The thus treated urea 
was subjected to the stack test. Only 4 lbs. of said urea 
failed to pass through a 2 mesh (US. Standard) screen. 

‘What is claimed is: , _ 

1. Composition consisting essentially of crystalline urea 
containing about 01-05% moisture coated with about 

' 0.2—0.3% by weight of a sugar selected from the group 
consisting of sucrose and raf?nose. . 

2. The composition of claim 1 in which the sugar is 
sucrose. 7 V - 

3. The composition of claim 1 in'which the sugar is 
ra?‘inose. 

4. Composition consisting essentially of crystalline urea 
containing about 0.1—0.5% moisture coated with aboutv 
0.15—0.5% by weight of a sugar selected from the group 
consisting of sucrose and ra?inose. 
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